Summary. Female 
Introduction
Vaginal epithelial cycles and the hormone changes associated with these cycles have been character¬ ized for many spontaneously ovulating rodents (Feder, Goy & Resko, 1967; Feder, Resko & Goy, 1968 ; Leavitt & Blaha, 1970; Lukaszewska & Greenwald, 1970; Challis, Heap & Illingworth, 1971 ; Baranczuk & Greenwald, 1973; Butcher, Collins & Fugo, 1974; Campbell, Ryan & Schwartz, 1976) . In these rodents, the regular follicular cycles associated with spontaneous ovulation are reflected in predictable changes in plasma oestrogen and progesterone and, consequently, in changes in vaginal epithelium. Examination of a vaginal smear of a spontaneous ovulator therefore provides an indi¬ cation of the hormonal state of the animal. For this reason, the terms used to describe vaginal smears (pro-oestrous, oestrous, dioestrous, and metoestrous) connote specific oestrogen and progesterone concentrations. Unlike spontaneously ovulating rodents, the reflexively ovulating microtine rodents (specifically lemmings and voles) exhibit considerable individual and species variability in vaginal smear patterns (Hasler, 1975; Sawrey & Dewsbury, 1985) . For example, voles reportedly exhibit persistent dioestrus with no evidence of oestrus (Bodenheimer & Sulman, 1946) , irregular oestrous periodicity with alternating smear types (Hoyte, 1955; Richmond & Conaway, 1969; Kirkpatrick & Valentine, 1970;  Gray, Davis, Zerylnick & Dewsbury, 1974; Milligan, 1974; MacFarlane & Taylor, 1982) or persistent vaginal oestrus (Breed, 1967; Richmond & Conaway, 1969; Milligan, 1974) . Even though the terminology used to describe vaginal smears of voles is that established for spontaneous ovulators (Allen, 1922; Long & Evans, 1922) (Bodenheimer & Sulman, 1946) (Hasler & Conaway, 1973 (Breed, 1967) , and isolated montane voles, M. montanus (Gray et ., 1974) [2,4,6,7,16,17-3H] oestradiol-17ß (Amersham, Arlington Heights, IL) were added to each tube in the assay. All solutions were made up in 01% gelatin (pH 7-4) within 1 week before use, filtered through 0-45 µ filters (Sartorius Membranfilter, Hayward, CA). This procedure resulted in significant reductions in non-specific binding, compared with assays using unfiltered solutions or solutions prepared more than 1-2 weeks before use.
The range of the standard curve was from 2-5 to 250 pg. The 2-5 pg standard was always 2 s.d. greater than 0, and so the sensitivity of the assay was 2-5 pg per tube or 25 pg/ml when 100 µ samples were used. Oestradiol was consistently undetectable in water blanks. The slope of a dilution curve of 200, 175, 150, 125, 100 and 75 µ plasma samples and the slope of the standard curve did not differ, indicating parallelism. Known amounts of oestradiol were added to charcoal-stripped plasma, extracted and assayed. The correlation coefficient between expected and observed values was 0-998, and the mean deviation of observed from expected values was 9-8%. The intra-assay coefficient of variation (CV) for 8 replicates was 61% and the interassay CV among 6 assays was 3-6%. Non-specific binding averaged 3-5%. Although the antibody used is highly specific for oestradiol, it cross-reacts to a limited degree ( < 3%) with oestrone (Korenman et ai, 1974 (Weisz & Ward, 1980) , or were assayed without chromatography. No differences were seen between values obtained using these two methods, and so all samples were assayed without chromatography.
Progesterone was assayed in 25 µ duplicate samples of plasma using general procedures previously described (Koligian & Stormshak, 1977) . Charcoal precipitation was used to separate bound from free steroids. All solutions were made in 0-01 M-PBS with 0-1 % gelatin (pH 70).
For progesterone assays, extraction with two 2-ml volumes of diethyl ether resulted in a mean extraction efficiency of 80-0 ± 3-2%. Anti-progesterone-11-BSA serum (No. 337) 
Results

Study 1
The data describing age-related vaginal smear patterns are presented in Fig. 1 . All females examined exhibited vaginal perforation. More than 95% of females in the 30-50-day age group persistently displayed leucocytic smears. The incidence of persistent leucocytic smears decreased with age and that of persistent cornification increased with age. In females examined between the ages of 90 and 120 days of age, the frequency of cornified smears increased in individual animals during the 2nd week of examination. About two-thirds of females between 90 and 110 days of age showed vaginal cycles. Smear types similar to those reported by Allen (1922) for the mouse were seen in the vole; however, the sequence was not regular and not comparable to that of mice. For example, pro-oestrous-like smears (predominantly nucleated epithelial cells) infrequently preceded, and sometimes followed, vaginal oestrus (cornified cells); metoestrous-like smears (cornified epithelial cells and leucocytes) occurred both before and after oestrous smears. In 'cyclic' female voles, leucocytic predominance generally lasted for 1-3 days and alternated with 1-3 days of cornified smears or 1-2 days of nucleated epithelial cell smears. By 150-200 days, two-thirds of females showed persistent vaginal cornification.
Study 2
The results of this study are presented in Study 3 There were no age-associated differences in progesterone or differences in progesterone concentrations associated with vaginal smear patterns (Table 2) . Therefore, data from all age groups were combined for each vaginal smear patterns so that progesterone concentrations could be compared for specific vaginal smear patterns. No 
Discussion
All of the vaginal smear patterns previously described for other species of voles were exhibited in this study by female gray-tailed voles (M. canicaudus) isolated from males for 3-5 months after weaning. The variability in vaginal smear patterns seen in these voles was related to age. Before 50 days of age, females showed persistently leucocytic vaginal smears, but after 90 days, oestrus occurred periodically. By 150-200 days, nearly all females displayed persistent vaginal oestrus. Although females showed evidence of irregular vaginal cyclicity when examined between 90 and 120 days of age, the cycles were not a reflection of cyclic ovulatory changes.
The cellular associations in vaginal smear patterns of 'cyclic' female voles at 90-120 days of age were the same as those described for spontaneously-ovulating rodents (Allen, 1922; Long & Evans, 1922) . However, vaginal smear changes in 'cyclic' voles were not associated with the same ovarian hormone changes that occur during the oestrous cycles of spontaneous ovulators. For example, nucleated epithelial cell smears in voles (pro-oestrous smears in rats and mice) were not associated with peak levels of oestrogen as they are in rats (Butcher et al., 1974) (Hill & White, 1933) . Ovaries of unmated gray-tailed voles older than 90 days contain similar numbers of developing, mature, and atretic follicles, whatever types of vaginal smear patterns are exhibited (S. L. Petersen, unpublished) . Similarly, in a closely related species, Pitymys subterraneus (another reflex ovulator), the number of large ovarian follicles per female is similar among females, regardless of vaginal smear patterns displayed (Jemiolo, 1983) .
Oestrogen concentrations have not been reported for any other microtine. The oestrogen values of female gray-tailed voles are generally higher than those reported for other rodents (Challis et al., 1971; Butcher et al., 1974; McCormack & Greenwald, 1974; Shaikh & Shaikh, 1975; Campbell et al., 1976) . However, maximum levels of oestrogens in a related species, the hamster, were similar to those of the vole (Baranczuk & Greenwald, 1973 (Delost, 1955) . The range of progesterone concentrations in M. arvalis is 1-8 ng/ml depending on the stage of the oestrous cycle (Dobrowolska & Gromadzka, 1978 (Petersen, 1985) . In contrast, maximum fertility occurs during the period ofcyclicity in rats, and the period of persistent oestrus marks the cessation of cyclic reproductive activity (Everett, 1939; Huang & Meites, 1975; Lu, Hopper, Vargo & Yen, 1979; Steger, Huang, Chamberlain & Meites, 1980) . Finally, the onset of persistent oestrus in voles in this study occurred at about 3-5 months. This is fairly early in their reproductive lives because voles in the laboratory reproduce for 12-16 months (S. L. Petersen, unpublished) . In contrast, the onset of persistent oestrus in rats occurs towards the end of their reproductive lives, at 10-20 months of age (Steger et al., 1980) . It is therefore unlikely that the stages observed in female voles isolated from males represent repro¬ ductive senescence. Rather, it appears that maturation is delayed in females isolated from males when reared in the laboratory, because female gray-tailed voles housed with unfamiliar males from weaning can mate and produce offspring before 1 month of age (Hagen & Forslund, 1979) .
